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SUIMMAR Y 


The object of this thesis is to determine the relative 
importance of those variables affecting the travel of a vessel at 
launching and to devise a rapid means of determining the point of 


ultimate travel by use of nomographic charts. 


Since the functions of tne veriables which influence the 
ultimate travel of a vessel at launching are discontinuous, no 
single formula cen be written that will yield tae ultimate travel 
in a single solution. However, a recursion formula used in a 
step-by-step computation similar to those found in electrical 
engineering will yield an approximate ourve of travel versus 
velocity, ultimate travel being denoted by the point at which the 


velocity becomes zero. 


Inasmuch as the tediousness of the step-by-step metnod of 
calculation varies directly od tne number of steps, but the 
accuracy also increases with the number of steps, a quick wethod 
of performing thse operetions is desireble. The five nomographic 
charts developed in this thesis accomplish this. There is no single 
chart that will solve the problem, since there exists no single 
equation able to do so. However, the charts have been found to re- 
duce the time normally required by as much as four or five times, 


and thus are considered by the authors to be a quite satisfactory 








method of solution. The method of construction or tne nomograms 
devised in this thesis is found in the APPENDIX. It must be reueu- 
bered that the accuracy of these charts in determining the point of 
ultimate travel cennot be greater than that of the assumed 


x 


coefficients. 


The results and conclusions heve been obtained by successive 
leunching calculations of a hypothetical ship having the same hull 
form 96 an ESSEX class aircraft cerrier. The physical construction 
end peculiarities of the ways ere those of the battleship ways in 
the Norfolk Naval Shipyard, eince these ere standard ways ard the 
a are familiar with their constructiozx. By changing one 
variable at a time and holding all othere conetant, the families of 
curves found in the RESULTS were plotted. From these curves tne 
authors conclude thats the net chain drag force has the greatest 
effect upon ultimate travel; the resultant increase in ultimate 
travel caused by a delay in the point of pickup of chain drags is 
lees than the delay in the point of pickup; a change in the coef- 
ficient of gresse friction (thus atmospheric temperature on the day 
of launching) or a moderate change in the combined weight of the 
vessel and cradle has littls effect upon the point of ultimate 
travel; and a variation in the predicted height ot tide has very 


little effect upon the point of ultimate travel. 


The estimete of water resistance wags obtained vy using tne 


curve ot Keith's Coefficient, "C", of Water Resistance as found 





in Reference (.]. For comperison, a modified curve of Keith's 





Coefficient, "C4, was constructed (Curve VI), keeping the area under 













the curve equal to that under tne standard curve but increasing 

the float-olf or 100%, buoyency vende. Two celculations were made, 
one using tne stendard “C" curve, one using tne wodified curve. 
‘There was a discrepency of only twenty fevt travel, inaicating tnat 
when large drag forces ere used, the shape of the "C” curve is 

_ somewhat immaterial. However, this flont-off value of Keith's 
Coefficient "Cc" becomss increasingly important in do tepa ining tne 
point of ultimte travel as the ieiideret of completely waterborne 
q travel is increased. It is, tnerefore, recommended that turtner 


investigation be made to determine more accurately tne float-off 





Van yy value of Keith's Coeffic ient, age, of water 


- > : 
resistance where this curve is to be used for launcnings involving 











INTRODUCTION 


‘4 


More then once in the history of the art und science of 


ehipoduilding, the person charged with the problem of launching a 


lerge vessel into restricted waters has suddenly realized that his 


knowledge of the effect of each of the variablos involved on the 


ultimate trevel is quite meagre. Genorelly, he has been unable to 


find an evaluation of these effects in the litereture on launching. 


In our modern text books on this subject, there are showm 


methods of analysis of leunching data, but these presuppose that 


the vessel is already overboard, The launching designer ust make 


his anslysis before the vessel is waterborne. 
t ® 4 


Of the variables affecting ultimate travel, the following are 


considered of greatest importance: 


l. 


2 


36 


Actual displacement of the vessel at the time of launch. 
Coefficient of greese friction. 

Coefficient of chain drag friction. 

Weight of chain drags. 

Point of drag pickup. 

Height of tide. 


Wapnitude of water resistance. 








Bach of these variables has an effect upon the ultimate travel 
of the ship, some much greater thun others. Those whose effect ia 
relatively insignificant should be discarded for preliminary cal- 
culations. However, due to a general lack of literature on the 
subject to date, it is not know which variables to discard and 


which to consider seriously. 


In general, it is found most feasible to consider that all 
these variables will combine in any single launching in at least two 
ways. They may ell combine so that the travel will be a maximum, or 
go that it will be a minimum, If the maximum combination does not 
Allow the vessel to travel too far or to strike the opposite shore, 
and if the vessel safely clears the way ends with an acceptable mar- 
gin, the conbination is aaeien satisfactory, or at least, safe. Any 
other combinetion of these variables leads to a refinement in 


estinsting total travel. 


Any single celculation for total travel is tedious (an omens 
is given in Table II in the APPENDIX), because it must be done as a 
etep-dy-step calculetion. No equation vet devised will yield total 
travel frow @ given set of variables und from a single solution of 
the equation. Since the accuracy of the result is a direct tunction 
of the number of steps used, 2 nomogram quickly suggests itself as a 


rapid means of performing this step-by-step calculation. 








In sugmerizing the ae or the problen, it wight oe 
said that the ship wust be trensferred from the ways to tne water, 
sefely clearing the wey-ends and coming to an economically snort 
stop. It must be stopped before striking tne opposite bu:.k, and 
quickly so, to minimize the time required for the tugs to take it in 
tow and berth it. Also, a short run fecilitates cnain dreg recovery 
end reduces the cost of tne drag roadway installation. However, a 
long run is desirsble to reduce cost of drag inetallation, to reduce 
chance of snepping dreg wires, end to preclude any possiblility of the 
drags‘ preventing the vessel from ciexring the waya witnout having 


wire tension draw it back up to the wuy ends. ' 


There are several methods of culculation presently smployed. 
The Tobin method of integretion has been. proposed [2] » but tends to 
be cumbersome. The enersy equation is comaonly used as well as the 
force equation. All of these methods are tedious unless a nomo,rsia, 


or “alignment chart" is employed to reduce the number of steps. 


It is the purpose of this tnesis to develop such a nomogram, 
or series of them, and witn their aid to analyze a launching rathor 


exhaustively to determine tne effects of tne variobles involved. 














PROCEDURE 
' 
The procedure in estimating the ultimate travel is based 


the "force equation" of Newton, 
F Ma 


By ariowrenian, we get an expression 


= ely + cleo) | 


Q eo - 


B = Average buoyancy over the increment, in tons 


C ss Keith's water resistance coefficient 





F) = Net downways force, in tons, exclusive of water resistance 


Vo = Velocity at the end of a given increment of travel, in 





ft./sec. 7 ° 
V, = Velocity at the beginning of a given increment of travel, s 
in ft./sec. / 


Since the variables involved come into play at various times, this 
aquation aust be Applied in a cer ay reey manner, getting one velue 


of JS’ from the previous veluse of Vv)". 
: 








——_ 


We find ag: by using nomographic charts, Cnart I ig entered 
first to obtain the value of Keith's coefficient, "C". Next, with 
“c", "Ww", “BY, and the increment of travel under consideretion, 


enter Chart II to obtain cs ("@" s Napierian logarithm base) 


To obtain the resultant downweys force, exclusive of water 
resistance, we use Chart III, entering with the known or assumed 


variatles (W-B), f55 D, f,- Where, 


fy z Coefficient of grease friction 


Coefficient of chuin drag friction 


a5 
ow 
a8 


o 
" 


Weight of chain dregs 


We read the value of Fy on its ucale. 


Fic 


Next, we obtain the value of B73 


from Chart IV, by entering 
with values of "C" and "F", from Charts I and IiI respectively, 


end "B", which is known from the buoyency curve. 


Fae 
che 
from Chert IV, the velocity at the beginning of the increment of 


The last etep is to enter Chart V with the value of 





j 
travel under consideration, and the value of e* obtained from 
Chart II. The value of ‘- is reed, its square root taken, und 
thue we have the velocity of the vessel at the end of the increment 


in question. The foregoing procedure is followed, step by step, 








2 . e 
until a negative value of v.~ 1s readhed. Tne vessel atopg in this 


last incremant,. 


An arproximation to tne actual ultimate point of travel is 
made by straight line interpolation between the last positive value 


of f° and the first negative value. Where this atraignt line crosass ~ 
ee 


Vo > © is the ultimate point of travel. 

/ 

Another method also can be used to determine the end point of 
travel. If we get ‘.° = 0 in equation (2) end solve for S', tne 


distance between the point of travel of the last positive value of 


7." and "Cg = 9, we get 


ww 


¢ 


ae B?v, 
o = 2 4BY3 Loge | — J (4) 





Tne accuracy of this last metnod is not considered justified, 


however, and the straight line interpolation ia used in tnis thesis. 


To use tne cnart3, certain data are required. These incluae} 

1. Buoyancy curve vsrsus travel (generally draw to ‘eternine 
wa y-end Seen snd based on weight of vessel alone), 
declivity of swuys, height of tide, position of center of 


gravity of vessel and cradle, point of sropoff, ete. 
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The essumptions made in using the force equation include the 


, following: 


l. 


Assumed values of : 
ae Coefficient ot grease friction, fy 
b. Coefficient of chain drag resistance, f; 
Ce Curve of water resistance coefficient versus 
percent buoyancy afloat. 
d. Point of travel at which chain drags ere picked 
Up. 
e. Height of tide.. 
f. Number and weight of chain drag clumps per eide 
ge size of increments of travel to be used in etep- 


by-step velocity calculations 


Drag resistance coefficient is defined as ratio of the 
actuel drag wire pull to the-drag weight. Thus the 
“coefficient of friction" is modified by the angle of the 
wire relative to the ground, and acceleration of the drag 
itself. This angle is very small, however, end the dis- 
crepancy between "dreg resistance coefficient" and "drag 
coefficient of friction” is not great. 

Average buoyancy ie used for the entire increment of 
travel ond is essumed to have a constant value throughout 
the et querts Thus, the values of "C" and 7" are 


constants for each increment. 





1 








3. Floatoff, rather than dropoff, is assumed; thus no ais- 
sipation of energy is considered due to the bow's dropping 
off of the way-ends. 

4. The cradle is essumed anit buoyant, but its weight is 
included in ship's weight ss must be accelersted 
at the seme rate as the ship itself. 

5. Keith's curve of "C" versus £ Buoyancy nf leet. in assumed 
ae @ basis for water resistance chiefly because it is a 
standard which is available in e commonly used textbook (]]. 
This curve agrees closely with analyses of the launching of 
USS TARAWA and USS -SHANGRI-LA. | 

6. All forces which accelerete or decelerate the vessel are 
assumed to act in the line of motion of the center of 
gravity of the ship and cradle. The true angle between 
lines of action of thege forces and the tangent to the 
path of the center of gravity of ship.and cradle is very 


a 


smell. ; 


The design of Chart III provides for no cember of ways, and 
for 9/16" declivity. See APPENDIX, Page 42, for the method of 
plotting the coefficient of grease friction scele when a declivity 
different from 9/16" is used. In the event cumbered ways are used, 
it is advisable to calculate tne retarding force duo to grease 


friction with a slide ruls, 


ee 
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GIVEN: Spot abe acter 
res 8400 TONS 100 ig ae ae 
REQUIREO: roe 
TO OETERMINE "C” HT aE 


ORAW A LINE FROM "8": 20000 TONS TO "100%" ON SCALE OF "PERCENT BUOYANCY AFLOAT", s SESE BSNAu ie 
CROSSING INOEX LINE AT SOME POINT, X. FOR ALL VALUES OF "C" FOR A 20,000-TON SHIP, (KEITH'S CURVE FROM PRINCIPLES OF NAVAL ARCHITECTURE, 

pee ee IE PIVOT _ POINT. GY ROSSELL ANO CHAPMAN, VOL I, PAGE 262) 

ORAW A LINE FROM "B"= 8400 TONS THROUGH X, TO "PERCENT BUOYANCY AFLOAT” SCALE. 

PROJECT THIS POINT DOWN TO KEITH'S CURVE. 

PROJECT THE INTERSECTION HORIZONTALLY TO THE "CG" SCALE. . 


REQUIREO VALUE OF °C” = 6I0. 
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Curve II. 


DISCUSSIOiHW OF RESULTS 


Tne following paragraphs discuss the results as found on each 
individual curve. <A compsrison of the results will be found in 
GONCLUSIONS AND RECOMMENDATIONS. Since variations with travel of 
the several variables were found to be slight, only a few points 


are necessfsry to obtain these curves. 


Curve 1. 

A plot of Ultimte Travel versus Coefficient of Grease Friction 
for Contours of Constant Weight (ship and cradle), other chart 
variables baing held constant. The following results are noted: 

l. The relative effect of the coefficient of grease friction 

on ultimate travel increases ag the weight increases. 

2. For any one weight, ultimate travel varies inversely and 

linearly as the coefficient of grease friction. 

3. For amy one coefficient of grease friction, ultimate 


travel is proportional to thse weight. 


= 


A plot of Ultimate Travel versud Coefficient of brag Friction 
for Contours of Constant Weight (ship and cradle), other chart 
variables being held constant. The following results are noteds 

lL. The relative effect of the coefficient of drag friction on 


the ultimate travel increases as the displacement increases. 
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ée For any ons weight, ultimate travel does not vary inversely 
as the coefficient or dreg friction in a streignt line 
manner; instead it is concave to the right. This is to be 
expected, since with zero coefficient of drag friction the 


travel is theoretically infinite. 


Curve III. 
A plot of Ultimate Travel versus Coefficicnt of Grease Friction 
for Contours of Contant Drag Friction Coefficient, other chart 


variables being held constant. The following results are noted: 





1. The relative effect of the coefticient of grease friction 
upon ultimate travel decreases as the coefficient of drag 
friction increases, 

2. For any one coefficient of drag friction, ultimate travel 
varies inversely and linearly as the coefricient of grease 
friction. 

3. For any one coefficient of greases friction, ultimate travel 
increases exponentially with a decrease in coetficient of 
drag friction. For the vessel analyzed by this curve the 


following relationship was founds- 
- V5 
Ultimate travel oc f,, ; 


4. The conetruction of this type of plot which uses extreme 
expected values of coefficient of grease friction and 


coefficient of drag friction (other chart variables being 
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held constant) is very useful since it shows tne cowoination 
of coefficients for minimum expected travel, maximum 


expected travel, and all in-between values. 


Curve IV. 

. A plot of Point of Pickup of Chain Drage versus Ultimate Travel 
for Contours of Constant Coefficient of Dreg Friction, other cnart 
variables being held constant. The following results are noted: 

1. The relative effect of a cnange in the point of pickup 
upon ultimete travel increases eas the coefficient of drag 
friction increases, : 

2. For any one coefficient of drag friction, ultinate travel 
variss linearly with a change in the point of pickup. 

3. The increase of ultimate travel is less than the extension 
of travel to the point of pickup. In one case, where tne 


point of pickup is delayed 60 feet, the ultimate travel of 


the vessel is only 40 fest greater. 








Curve V. 
A plot of Height of Tide versus Ultimate Travel of Vessel, 
all other chart veriables being hela constant. Tne following result 
is noteds 
Ll. The effect of a variation in the height of tide upon 
ultimate travel is practically negligible. For a tide 


voriation of approximately 3 feet, the veriation of 
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ultiaste truvel was only 50 feet. It must be realized, 
however, that the neight of tide is a very important 
factor in determining the way-end pressure produced at 


launch ing. 


Curve VI. 

A plot of the curve of Standard Keith's Coefficient, "C", of 
Water Resistance versus a Modified Curve of Keith's Coefficient, 
"C", the area under each curve being kept conetant. Tne authors 
have assumed that the standard Keith's Curve was constructed from 
data obtained on ship launchings at which large chain dreg forces 
were present. | 

In calculating thse ultimate travel for a ship utilizing 
large chain drag forces, (using first the Standard Keith's Curve 
and then the dodified Keith’s Curve, holding all other variables 
constant), it was found that the use of the Modified Keith's Curve 
increased the ultimete travel by only some 20 feet. Thus, the 
"100% Buoyancy Afloat" walue of Keith's Coefficient, "C", has 
reletively little effect upon the calculated point of ultimate travel 
when large chein drag forecss are applied. However, if the drag force 
is considerably reduced, the vessel will travel a greater distance 
in a fully waterborne condition and the end value of Keith's 
Coefficient becomes extremely importent inasmuch as it determines alwost 


the total resistance during this interval. 
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CONCLUSIONS AND RECOMMENDATIONS 


‘ 


Tne form of the basic equation (2), ie thet of a recursion 


formula. Tnet is, to find the ultimete travel, or point at which ° 
Vp? = — cannot simply substitute values into a Peidoae and 
solve for i: This is because the several variables come into 
pley at different times during travel, or in other words, the 
functions of the variables are discontinuous. The step-by-step 
method lends itself to determination of Ve" for increments of travel 
over wnich these functions are continuous, thus giving e curve of 
velocities which, when plotted against travel, is a close approxi- 
mation to the actual velocity june With these circumstances in 
mind, the nomograms developed in this thesis report greatly reduce 
the steps required to find the points on the velocity curve. For 
the seme reason that no one formula will yield the ultimate travel, 


no one nomogram will. 


From a@ comparison of Curves I through VI, the rollowing con- 
clusions are drawn: 
1. ‘The net chain drag force is the most important variable 
affecting the ultimate travel of a vessel at launching. 
2- The resultent increase in ultimate travel cuused by a 
delay . the point of pickup of chain drags is less than 
the delay in point of pickup. 


3. <A moderate variation in the height of tide hae very little 
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effect upon ultimte travel of a vessel at launching. 

4. A variation in tne coefficient of grease friction has 
little effect upon the ultimate travel of a vessel at 
launching. Thus, the atmospheric tewperature on the day 
of launching, which affects the coefficient of grease 
friction, need not be an important consideration. 

5. A moderate change in the combined weight of the vessel 
and its credle has little effect upon ultimate travel. 

6. The value of Keitn'’s Coefficient, "C", of Water Resistance 
when the vessel is completely waterborne becomes increus- 
ingly important in determining the point of ultimate travel 


as the interval of completely watsrborae travel increases, 


The nomographic charts developed herein present a rapid weans 
BL ébte ining the point of ultimate travel at leunching when use is 
made of tne torce equstion outlined in the PROCEDURE. snese cherts 
will yisld en answer in about one-fourth of tne time required by 
the conventional oulanin of step-by-step calculations with far less 
likelihood of error, since less computation is required. It aust 
be understood that the accuracy of the end point result obtained 
is no greater than that of the assumed coefficients. Also, these 


nomographic charts furnish a more accurate means of calculating 


than en ordinary ten-inch slide rule. 
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All numerical results contained in this tnesis are based on 
calculations using the Standard Curve of Keith's Cosfficient, "C", 
of Water Resistence as found on Chart I. In the event that & modi- 
fied form of Keith's Curve is to be used it may be substituted for 
the Standard Keith's Curve on Chart I and the same nomographic 


method applied to obtain the desired point of ultimate travel. / 
: 


A furtner investigation seems warranted to determine the 7 
accuracy of the end point value (fully waterborne condition) of 
Keith's Coefficient, "C", of Water Resistance. From recent launciing 

date (USS SHANGRI-LA, CV=38), the end point value of "C" uppears to 
be about 1400. This was computed from data obtained with a gyro- 
accelerometer mounted on board the vessel at the time of jaunch ing, 


e 
The velocity curve derived from this accelerometer is shown in 





ur ve VII. 
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Gmeral Equations a ve 


To determine the velocity of e vessel et any poimt of its 2 


Trevel, ea step-by-step method of calculation must be used. the 


4 


. etep taken ig from a krown velocity to the point of travel where. 


the desired velocity obtaing. A meximum of fifty feet per step ™ 
| se 
or increment of travel, is used in this theeie. ° 
. + 
‘ : > 
-~f 


At least two types of equations for the determination of a 
we tiene be trevel of ea ship upon launching are used in nes de 


practice, the force equation and the energy os ms > Y 
o my “ ; 


a 
& 7 > | 
3 


Te se 
This thesis considers only the force equation, which states — 
7 ’ AS 





that tho resultant force acting on the ship in its line of motion 


equals the mass of ship and cradle times its acceleration. » ows 


@ 
: rm ', . 4, 
a . ‘> —Z! 
The following symbols are ueeds = , 
W = Weight of ship and cradle, in tons = a < * 


B = Average buoyancy of ship, in tone, over increment of 


travel, read from Chart VIII, (Credle is assumed eel 








buoyant) | - : 
‘* rs 
@ = Angle of declivity of weys | +f: ' 
a = Acceleration of ship in line of travel x 


i aphee 
F) = Average downweys component of ship's weight minus the af - 
: i 


averege upways components of: 
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Listunce ship trevals 
Vt 2 a e 
Disturce ship truvels tc end of 6:3 increment. 

,." 
S' = Diatance snip travels beyond last increment ror Vgie positive 
® 





to beginning of any increment 


















é 
— J 


Velocity at point of trevel, S, 


= <2 
) ~ 
| ul 


Velocity at point of trsvel, S., 


Velocity at enc of any increment in general 


< 
a 
li 


© 
it 


Weight of chain drags in action 

f, = Coefficient of grease friction 

f, = Coefficient of chain drag friction (or resistance) 

K = Constant of propurtionality between water .rssibtance 
in tons ana ahip's epecd. ve in (ft./sec.)* 

= 


2 


C = Keith's Coefficient of water resistancs 


The derivation of tne equation for velocity ut tue und of any 





‘Incremént of travel follows: 











From fundamental mechenics 





— = Mass «x AcCcELERATION 
_ a 
_ = 
dhe. . dv -dv ds 1 vy dy 
Ww At As dt As 
gPner Av 
— Ss, § Vas PI 


Let us assume thet the drag force and grease friction act 
in the direction of the line of motion of the vessel. Tnen the 
total force ceusing ecceleration is: 
re © aan (0) 


§ . 
where KVe ia the resistance of the water end K is determined from 


Keith's Curve of Water hesistance Coefficients. 


Therefore, £(F, ' Kv‘) = V dy (7) 





Note thet averege values of F, ana K over the increment are to o¢ 
used, eo that the forces amy be considered as constants for the 


entira increment in question. 
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g “ =a é oe alae + , . ee " ie. = 2 ; 7. esl he / = \ 
epareting tae variables in Equation (7). 


and integrating both sides etween iimit B3 
: a 
Vo 


ye andl - 
(-2K)VAY 


— A, log, CF, “% 1 


72a | =S) @ F, -KV, [ 
WwW (3; S,) lose} E cet 


=e*-(3.-5,) FL - KM 


SS 


< ~ F, =e 


BEE 8) 
(F,-KV. )e > ; : Fin Kile 


2IK is, - S,) 


(F, so ve) e rw 











reauces to} 


1 Waerg Fy = (N-B) sin @ - (A-B)£ cos @ = Df, 
4 - 


5 


- r 
The foregoing expression is further simplified by saying 


thet, since @ is quite small, 


gin 6 = 6, in radians 
cos e@ = 1.00 


7 


One of the ovjectives of this thesis is to develop e rapid 


gy 


7 
method of finding the end point of travel (at which v,? =o, 


_ based on essumed values of retarding variables. The sethod developed 














Development of Nomographic Charts. 


CHART I is a Z-type nomogrem used to deteraine the percent 





buoyancy afloat. Keith's curve is drawm és given in Principles 


of Naval Architecture, Vol. I., Page 262, with the Z-type chart 


below it. "Bb is reed from Curve VIII and averaged.over tne incre- 


In Fig. (1), it can be seen by similar triangle analysis, 








ment. 
‘ 
. 
Figure I 

Since oe z —— (17) 

and OD _ OD. oP | 
100 WA m™P se 
therefore “ B e 28 (19) 
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Therefore, the velue of "ZB Afloat" is correct as read. 7 


"C" ig read as from a norael grarh by noting the intersection of 
7 . - @ 


~ r, . 
ae fee 


GHART IT ic @ nonogrea to determine values of @s 


the ubsissca of "Y%B Afloat" end the “C" curves 


‘ @ 
S 


. ~" @ i , = i * o 
equetion: > : 














' > 
? 
Q “ | 
2 | a ©. Ms: Toe by 
— om Syeh = ty 
; ~ we a an 
Taking log of both sides, twice, ie = 
: ai a “ 
Q 2° 3 ( Cc - e >. ‘ : : ’ o 
- a rs ’ 


wy 





Dh a de 
log, log,, a . | 20” : ome ine . bt 


Slog B ~ ~ Voanlesa€” = > ae Og. : 


<5 


Tis gives the form of Chart II, which 


>, 








congru | 
congruent triangles if tne index li 
. 





= for "C" and “b", 


; . 
* 
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To simplify tne chert design, lay off values o1 < log,,B 


Le) 
log »* us ane scale on the 


as a B scale, sand values of log io 


10 
same line. Drawa "C" sc&ie as on Chart II, using values of log .¢ 
with the index line midway between the "C"- and "B"-scales, az snom. 
Then, calculate s for any reasonable values of “W", "C", and "B". 
If a values of "W" = 1U000 is used, the process or laying out the 
“w"-scale is simplified. Draw a line between the points of “c" end 
. crossing the index line at some point X. A line from tne chosen 
value or "B" through X determines "W" on a line of the “C"-scale 
exterdod. From tnis point, and to the same scale as "C", lay off 
values of Lo yg W using standard log tables. A second sinilar 


calculation with the assumed value of "“W" greater tuan the first 


will determine the direction of the "W"-scale. 


Note that "B" is always less than or equal to "W" tor any 


given ship. 


CHART III is a nomoxzram to determine the downways force, Fis 


and 18 @ pair of Z-cherts with a differencs scale supsrisposed. 


It is desired to solve the following equations 


“sj 
eo 
( 


(W-B)e - f,(W-B) - £gD (24) 


F, = (@ - f,)(W-B) - f4D (25) 











The Z chart is constructed as followss 


e 
Figure II 


Drew two parallel lines AB and CD, and draw x. 
Connect = and F from any points on AB and Gh, intersecting BC in 


some point G. 


Since triangles EBG and CGF are similar, EB = const x CF. 


This is the form desired to solve Equation (25). 


To lay out the chart for the first terw of the rignt hand 
side of Squation (25), mark divisions to some convenient scale 
of (W-B) on BA. To any convenient scale on CD, lay out valuss 
for (6 - f ) (W-B). Tnen, with any convenient values of (9 - &) 
and (W-B), calculate the product (0 - £,)(W-b). Mark this point 
on its scale. Draw EF, labeling the point G, (on the line con- 
necting the sero points of the (w-B)- and (@ - £ )(W-3)-ecales), 
maith the minh of fo used in the celculation. Point G will thus 
be thé pivot point ror all values of (W-B) and tne assumed value 
of fs sith a slope of ways equal to @. Pivot points for other 


4] 











= 
= 





values of f. are celculatea siwilarly. 


CHART III is designed sor slope of 9-16", Ddut pivot points on 
tne ‘. scale for other declivities can be readily located oy tae 
methoi just described. Scales similar to tnose for (W-5), to end 
(8 - f. ) (WB) sre laia off on CD, CB, amd BA for weight of drags, D, 
drag coefficient of resistance, fas and drag force Df,. 

; 

Midway between AB and CD, & parallel line is drasn on which 
is drawn «4 scale of differences between the scales or (6 - f _) (WB) 


jand Df,. Each of these points is located by taking any convenient 





- values or (@ - fi) (W-5) und bf a» subtracting them, drawing a line 
between them cutting the difference scale line at a point, and 
labeling the point with the computed difference. Thus, the scale 


of the difference line is at once determined. 


JS Taking tne 


CHART IV is @ nomogrem used to determine 7." 
log of this, we have: 
a* : 
mc re ee 
oy ee. he ae we (20) 
: Fc 2 | 
log JF, =, MRS, = log B 3 log, C (27) 
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j 


To construct tne chart, draw three parallel equidistant 


ol 


lines AB, Cb, EF. 





B D F 
Figure III 


Draw mn ani pq, ceusing them to intersect st some point X, on Ch. 
From eny reference point below m and q, lay orf a log, scele on 
BA and on FE. Because of the congruent triangles pXm and nXq, 

pe = nq. If n is laid off a6 log, B, q ~ log ,,C, p as log |, Fs 
then m will lie on the value of < ,Due to ambiguities of sign 
llowing orders 





, see construction, Chart IV must be used in the f 


1. Draw a line from F, to C. 


F 


c 
/ @ 


2. Draw a line trom B through X to locate BY 


c 


Note, the algebraic sign of BS is the same as that of F. 


CHART ¥ is a nomogram to determine V,* and ie designed in 
a different manner from the others. This chart is used to solve 
the final equation whose component parts are determined by Charts I 
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But thie is the equi t Len of a straight line leid cut on 


x-y axes. Wien x = 2, y 2V°5 whor, acd. y =V,%; when x ‘woe 
7 = M. A perusal of Chart V will ‘beats the method of plotting. 











Tables I and II. Table I is 


- SS ee é ry 
: Slideruie and celeviating anchine, The former teble required one 
- oe — 


hour te rill in; the latter. about four hours. The chance of error 
in using Teble I with “ae charts is negligibly small compared io 
the calculeting aachine method. The difference in the enswers 
—- by a two methods is quite negligible, being only four 


feet in 1100 fact for the exemple as snown in Tebles I and II. 











Travel S 
0-50 50 
90-100 50 
190-150 50 
150-200 SO 
200-250 50 
250-300 50 
300-350 50 
350-400 50 
400-450 50 
450-500 oo 
500-510 10 
919-550 49 
550-600 6 
690-650 50 
650-700 50 
700-750 50 
750-800 50 
800-3830 80 
830-860 30 
800-290 30 
890-920 30 
920-950 30 


950-1000 20 





1000-1950 20 
1950-1100 50 
1100-1150 50 
1150-1200 50 


VW 


f 
g 
fq 


TABLE I 


Nomographic Chart Method 


B 
(Avg. ) 


200 
325 
650 
1300 
2500 
4100 
6100 
8400 
11200 
14200 
16200 
16990 
17300 
17700 
18050 
19450 
18850 
19100 
19400 
19600 
19350 
20900 
20000 
20000 
20000 
20009 
20009 


= 20,VJ00 Tons 
10 Drags - 50 Tons each 


= 9.010 


910 


1.22 

1.18 

1.15 

1.128 
Leols2 3 
1.121 
1.120 
1 «ala 
1.110 
1.193 
1.92 

1.081 
1.096 
1.101 
1.100 
1.103 
1.1lLo 
1.971 
1.976 
1.078 
1.080 
1.983 
1.138 
1.138 
1.138 
1.138 
1.138 


4 6 


19,800 
19,675 
19,350 
18,700 
17,500 
15, 990 
13,900 
11,600 
8, 800 
5,800 
3,800 
3,100 
2,700 
2,300 
1,950 
1,550 
Lae 


600 
400 
150 


Oo 


oOO00 


For Determination of Ultimate Travel 


130 


43 
“15 
-79 

-135 

-193 

250 

=-250 

-250 

-250 

~250 

250 


EC. 
BY 


598 
722 
820 
920 
910 
805 
730 
640 
500 
346 
235 
194 
168 
143 
122 
95 
65 
e2l 
-110 
-183 
-246 
-310 
-310 
“510 
-310 
-310 
-310 


198 
20l 
2b1 
382 
415 
458 
486 
201 
200 
486 
+80 
4358 
432 
405 
389 
352 
325 
300 
271 
238 
201 
161 
105 

a2 

19 
-29 
“29 


Total Travel = 1113 Feet 
} 


10.4 
14.2 
lo.8 
18.8 
20.4 
21.4 
22.U 
ae 
224 
22.0 
21.9 
al «@ 
20.8 
2061 
19.5 
18.8 
18.9 
Lh? 
Low5 
15.4 
14.2 
12.7 
Wa 2 
7.4 
362 











OMNI MOM UP Ww DH bY 


INCREMENT No. 


—— 
~— 
ea 


TABLS IT 


Calculating Machine and Slide Rule Method 


For Determination of Ultimate Travel 


(2) 


oO 

Trevel ( Increment) 
0-50 90 
50-190 20 
100-150 38 
150-290 50 
200-250 90 
290-300 99 
300-350 50 
350-490 20 
400-450 50 
450-500 90 
900-510 10 
- 519-550 40 
550-600 50 
600-650 30 
650-700 20 
700-750 30 
750-800 50 
800-830 30 
830-860 30 
860-890 30 
890-920 30 
920-950 30 
950-1000 50 
1900-1050 20 
1950-1190 20 
1190-1150 50 
1150-1200 90 


(3) 
B 


Buoyancy 
(Average) 


200 
325 


1,300 
2,500 
4,100 
6,100 
8,400 
LL, 200 
14, 200 
16,200 
16,900 
17, 300 
17,700 
18,050 
18,450 
18,850 
19,100 
19,490 
19,600 
19, 850 
20,000 
20,900 
20,000 
20,900 
20,900 
20,000 
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(4) 


(W~ 8) 


(S ) 


(w - 8) 
»+3slMeC 


927 
921.2 
9006 
875.5 
819.3 
744.4 
650.8 
943.1 
412 
271.6 
LTT,@ 
145.1 
126.4 
107.7 
91.3 


(¢) 


£4(w-8) 


CO0O000F & 


(7) 


brag 
Force 


C000 0CO COCO OCCOCO COO 


MOM ND He 
Saeesst. 
Ooo OO0°0 


290 
250 














TABLE Il, ConT'bL. 
Calculating “Machine and Slids Rule Method 


For Determination of Ultiunts Travel 








Oo 

= 

= (8) (9) (19) (11) (12) (13) (14) 
: 

W E ~ zy Q 

: Net - ve eT eaa pas & 
w@ Force afloat Se ae 

e Keith's 

~ Coeff. 

.. tae 1 34.2 28 Lead 3.1964 1 ous 
S 8 6Tob4 1.63 47.2 47 1.903 0.1615 1.5 
- “oes, 2.05 fs 86 0.872 0.1405 1.150 
4 688.5 7e tie 160 0.744 9.1198 leg h27 
5 66463 12.5 £285 260 0.912 0.1146 Lsles 
— s0s.4 22.5 e858 355 i, 0.1170 1.124 
7? *So.8 2.5 22 475 0.699 OwlLas 1.128 
., 7, = 412 610 0.675 9.1087 asws 
9 324 56 500 7172 0.648 0.1943 1.110 
wo 213.6 #=721 §35 945 0.619 0.9997 1,108 
m 139:9 #22 649 1065 0.601 0.9194 1.920 
wm 64«C«iM.1 20 684.560 1195 0.597 0.9769 1.080 
13 99,4 96.5 675 1135 0.595 0.0958 1.101 
14 84.7 88.5 685 1143 0.597 0.9961 1,LOol 
15 71.8 90.3 690 1150 9.600 0.0966 LaLoe 
16 S72 «= aes «= 700 1135 0.617 0.0993 168D5 
17 e.3 62 705 1085 0.650 0.1047 DaabltO 
aS 86-1669 %.5° 710 1055 0.673 0.0650 1.967 
a «77.9 WF 720 1000 0.720 9.9696 word 
20 -135.3 98 730 980 0,745 @.U720 1.075 
2) «194.7 499.3 735 945 0.778 0.0752 1,978 
Se =250 100 740 910 0.813 0.0785 1.082 
23 -250 109 740 910 0.813 0.1309 1.149 
24 -250 190 740 910 0.813 0.1309 1i140 
25 = =250 109 740 910 0.813 0.1309 1,140 
26 -250 199 740 910 0.313 0.1309 1.140 
27-250 190 740 910 0.813 0.1309 1.140 
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TABLE, II, CONT'D 


Calculating Machine and Slide Rule Method 


For Determinetion of Ultimate Travel 





Oo 
- (6) 9 (17) (28) (19) (20) _ (21) + (22) 
Cc CF, CR (e%-1) 2 Chieu 212% cre) vj 
F e-| B73 ‘BY: BY ¥* 13 V,° ee) BY3 { Ve 
of | 

5 (22) Fr de Line 

* Above ! (19) 

; 21s 819 597 19s .§ 190.2 106.8 
e 175 998 720 126 252.8 197.9 
8B 650) (9247 817 122.6 320.5 279 
a ee OE 935 117.5 396.5 351.7 
5 121 31.405 905 109.5 461.2 411.4 
.s ant 8 1.875 805 59.8 Shine | 455 

7 228 1.430 732 93.7 548.7 486.7 
8 .115 1.482 635 72.8 559.5 501.9 
- whlo © 1.942 £00 55 556.9 501.8 
10 .105 1.615 345 36.2 538 486.9 
1] .0195 1.665 233 4.5 491.4 482.1 
12 .080 1.67@ (,192 15.3 497.4 460.6 
13.1005 1.680 167 16.8 477.4 434.0 
14.101 1.660! 142 14.3 448.3 * 40750 
= 20m 1.607 120 12.2 419.2 380.6 
16 .1045 1.622 93 9.7 390.3 351.7 
17.110 »=©1.538 65 Tf 358.9 323.4 
18 .067 1.485 ~25.1 “1g 93107 301.4 
i .72 1.892 -108 a 293.6 27369 
07 leg <«iee -12.7 260.2 242 

m 078 i.268 +250 -19.5 222.5 206.5 
22.082 1.229 307 $25.2 181.3 167.5 
a siJhG az8)  <207 -43.0 124.5 109.2 
m 4860 02061.228 0 83=_ =907 ~43.0 60.2 5801 
a 0 11228 #«+307 -43.0 1S.1 Wee 
26 .140: 14229 307 -43.0 “27:9 ~24.5 
m 6.4006 228 = 807 =43.0 “27.9 -24.5 


W = 20,000 Tons 
192 Dregs - 50 Tons each 


f_ = 0.010 


rt, * 


0.500 


6 
\ 


$ 


Total Travel - 1117 Feet 
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Sources of Dete for Analysis 


The data on whicn the analyses of the variation of travel 
with different variables were based wes collected at the Norfolk 
Navel Shipyard at the time of leunching the USS SHANGRI-LA (CV38), 
which used ssven clumps per side end the USS TARAWA (CV40), with 


five clumps per side. Hydraulic dynamometers were placed in six 


—_— = 


of the wires connecting the drag chain clumps to the vessel. The 
dregs pessed over three surfaces, rough concrete composed of con- 
crete oeerers with sbout six feet of 30ft earth between them, 
emooth slab concrete, end steel which covered the trigger pit. 
Tables JIi and IV are enclosed herewith, giving a summary or data 
taken from trese dynamometers. Each clump weighed 50 tons. 


Table V 16 e summary of the conditions at the time of launching | 
of these vessels. ‘Tables 111, IV, and V, it is felt, fully justify 
the values of the different variables used in this thesis report. 
The renges of the variables were selected from values referred to in 
the published literature on the subject. 
For reference, the observed launching velocities of the 


USS SHANGRI-LA end USS TARAWA are shown in Curve VII es computed 


. din the Norfolk Maval Shipyard. 
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TABLE III 


USS SHANGRI-LA-CV38 










Chain Dreg Dynamometer Data 





ergy Effective Df y 
Absorbed Distance Average 

Ft.-Lb. Ft. 
16 , 464,000 282 58, 383 
17,428,000 282 61,801 
14,060,000 230 61,130 
14,432,000 230 62,748 
2,720,000 52 





3,084 ,000 52 
68,188,000 7 
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TABLE IV 






USS TARAWA -CV38 


Chain Dreg Dynamometer Data 







Reugh Concrete 







nergy Effective 
Absorbed Dietance 
Ft ® -Lb. Ft e 













23,610,000 389 
24,020,000 389 - 
19, 800,0C0 315 
19,420,000 315 
9,150,000 178 
9,540,000 173 

105 ,540, 000 1,754 






0 





9 

. 1,576,000 
1, 389, 000 
3,740,000 
3,935,000 
















Credle) Tone — 21068 













Lounch ng Ht (Ship & 






































C. G. Ship & Credle Aft. of wu. a 14.32 
Iraft, “Forwerd a mt. & In. 1#-1-7/6 
Draft, Aft re 42h. 21-1) 
Drait, Mean et. & In. _ 18-0 7, 
Depth of ‘ater Cyor Wey 
Ende Ft. 154386 
Average Initial Pressure Tons/Sq. Ft. eae 
Traetl] to Pivet Pe. 527 
Pivoting, Pressure Tons $149, 
Maximwn Way Ind Pressure Tone/Sq. Ft. 3.40 
Trevel to Maximum W. %. Pressure (Ft.) 320 
Coefficient of Friction of Greese Ole 
Coeff ic ient of Friction of Concrete eee 
Coefficient of Friction Concrete 
Fesrers and Grevel 540 
Costficient of Friction Steel 1? 
, “Keith's Coefficient of Water 
Resistance at 100% Buoyancy 1460 
Meximum Velecity Ft. /Sec. sah 
~alhag to Max. Velocity Ft. 390 
Drop-Off Velocity Ft. /Sec. LSwe2 
ese 15 Stoe Pe, 1110 
Stem to Opposite Shore . £44 






“Ff. Ps from @ Bi 197 
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TABLE V, CONT'D 


GENcRKAL INFORMATION 
Dimensions of Vessel 


Length between Perpendiculsrs 
Length Over All 

Beez, wolded 

Breedth, Flight Deck 


Dead Rise 


Designer's L.W.L. (Above Hottom of 
Keel) 

Displacement (Designere L.W.L.) 

Midship Section 

Frame Spacing 


Blocking 


Type of Blocks 
Metorial of Blocks 
Minimum Height 


Declivity of Keel 





Ground Ways 


: Length of Ground Ways, Over All 


Length of Ground Ways, from Face of 
Jeck Log to Ways End 

Length of Ground Waye from Face of 
Jeck Log to Face of Trigger 

Length of Ground Ways from Face of 
Trigger to End of Ways 

Declivity of Ways 

Traneverse Slope ot Weya 

Width of Ground says 

Meterial of Ground Ways 

Spreed of Crounc Ways C to C 

Spread of Ground Ways R to K 


Slid in 





Forward End of Sliding Ways | 

After tnd of Sliding Ways 

Length of Sliding Ways, Over All 

Length of Sliding Ways, Effectivs 

Length of Sliding Ways Forwerd of 
Trigger 
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82z0'-0" 

683" - 91 /g" 
u3! _ Q" 

109" - o* 
Oi 


26! « 7-7/8" 
33,500 Tons ; 
Frame 1024 

4* = 0" 


Collapsible 

White Oak 

5' = O" above 9/16" 
Declivity Line 
9/16" 


S20" = 0* 
874° = 3” 
470' = 9”: 


403" - 6" 

eA t. 

3/8" /¥Ft. 

7% Es 2" 

Long, Leaf Yellow Pine 
26° = ¢» 

$8° - 2? 


Frame 7 
Frame 186% 
718" - 34” 
716" - 0" 


467" = 2" 

























ey a 








Bearing Areé 
A Wedges Number 
Wedge Ms terial ~ 
‘Wedge, Average Load Per 
Greese Irons, Number / 


Greese Irons, Type 
Greese Irons, Average Loed Per 


ween “si ding wes 
7 $1 iding Waye, 
a” 7 





( 


Base Coat ; 
Slip Coat 

Amount of Base Coat Applied 
Amount of Slip Coat Applied 


Amount of Base Coat Recovered 


Amount of Slip Coat Kecovered 








ie 
sg" 












7126 

Oak 

29.0 Tons 
Steel, tapered 
6.3 Ton&. 








thick 
“ thick 


_ 
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